G
olgi traffic is an ancient process (Klute et al. 2011) . Certain core mechanisms are likely to be conserved in most or all eukaryotes, but these core mechanisms have undoubtedly been enhanced or modified during evolution. Among the options available in the endomembrane system are vesicular transport, tubular extensions and connections, homotypic fusion of compartments, and compartment maturation (Schnepf 1993; Rothman 1994; Becker et al. 1995; Schekman and Orci 1996; Bannykh and Balch 1997; Glick et al. 1997; Mironov et al. 1997; Marsh et al. 2004; Trucco et al. 2004; Rink et al. 2005 ). A unifying model should attempt to describe the core mechanisms of Golgi traffic while accounting for species-specific variations.
It is hardly an exaggeration to state that there are as many different models for Golgi traffic as there are Golgi researchers. This lack of consensus reflects the complexity and subtlety of the topic. We believe that a complete model for Golgi traffic should explain the following observations:
1. In most eukaryotes, distinct Golgi compartments can be identified by morphological and biochemical criteria. The number of Golgi compartments is subject to debate (Mellman and Simons 1992) , but a typical description includes cis, medial, and trans cisternae plus the trans-Golgi network (TGN) (Dunphy and Rothman 1985; Farquhar 1985) . These compartments differ in their structure, cytochemical-staining properties, composition of resident Golgi enzymes, and ability to bud COPI-or clathrin-coated vesicles (Farquhar and Palade 1981; Kleene and Berger 1993; Rabouille et al. 1995; Staehelin and Kang 2008; Nilsson et al. 2009 ).
2. Glycosylation enzymes in the Golgi show a polarized distribution that reflects the sequence of oligosaccharide processing reactions. In species ranging from mammals to fungi to plants, early-acting glycosylation enzymes are concentrated in ciscisternae, whereas late-acting glycosylation enzymes are concentrated in trans-cisternae (Kleene and Berger 1993; Rabouille et al. 1995; Nilsson et al. 2009; Schoberer et al. 2010 ).
3. Secretory cargoes can be observed to move across mammalian Golgi stacks in the cis-to-trans direction. Such "cargo waves" have been seen for both small secretory cargo proteins and large macromolecular aggregates (Bergmann and Singer 1983; Bonfanti et al. 1998; Mironov et al. 2001; Trucco et al. 2004 ).
4. Golgi structure varies between organisms. Golgi cisternae are organized as individual cisternae in Saccharomyces cerevisiae (Preuss et al. 1992) , as single stacks in many plants and unicellular organisms (Melkonian et al. 1991; Yelinek et al. 2009 ), as pairs of stacks in Drosophila (Kondylis and Rabouille 2009 ), or as a ribbon of laterally linked stacks in mammalian cells (Rambourg and Clermont 1990) . In microsporidia, the Golgi appears to be a membrane network rather than a collection of discrete cisternae (Beznoussenko et al. 2007 ).
5. COPI vesicles appear to be associated with Golgi structures in most eukaryotes. Electron microscopy and cell-free reconstitution identified COPI vesicles as intraGolgi carriers (Rothman 1994) . As judged by electron tomography, a mammalian Golgi stack may be surrounded by more than a thousand COPI vesicles (Ladinsky et al. 1999) . Presumptive COPI vesicles are also abundantly visible around algal Golgi stacks (Farquhar and Palade 1981; Staehelin and Kang 2008) . Although periGolgi vesicles are less evident in other cell types, COPI is broadly conserved (Dacks et al. 2009 ).
6. COPI vesicles function in retrograde traffic. Strong biochemical and genetic data implicate COPI vesicles in recycling of proteins from the Golgi to the ER (Letourneur et al. 1994; Pelham 1994; Gaynor et al. 1998 ).
7. Large secretory cargoes can traverse the Golgi. In diverse cell types, secretory cargoes much larger than COPI vesicles are transported through Golgi stacks. The best-characterized examples are cell surface scales in algae (Brown 1977; Melkonian et al. 1991) and procollagen aggregates in mammalian fibroblasts (Leblond 1989; Bonfanti et al. 1998; Mironov et al. 2001; Trucco et al. 2004 ).
8. Morphological data suggest that Golgi cisternae form at the cis-face of the stack, and peel off and fragment at the trans-face. Electron micrographs of cell types ranging from plants to fungi to mammals suggest that cisternae assemble at the cis-face of a Golgi stack, and separate from the stack at the trans-face while undergoing fission (Morre and Ovtracht 1977; Ladinsky et al. 1999; Mogelsvang et al. 2003; Staehelin and Kang 2008) .
9. Resident Golgi proteins can move rapidly within and between compartments. Golgi proteins show overlapping distributions across multiple cisternae, and their concentrations in particular compartments evidently reflect the dynamics of membrane traffic rather than static localization mechanisms (Hoe et al. 1995; Rabouille et al. 1995; Harris and Waters 1996) .
10. Golgi compartments in Saccharomyces cerevisiae are transient. The individual Golgi cisternae in S. cerevisiae can be resolved by fluorescence microscopy (Wooding and Pelham 1998) . Video imaging of S. cerevisiae cells revealed that over a time-course of several minutes, Golgi compartments exchange their early resident proteins for late resident proteins (Losev et al. 2006; Matsuura-Tokita et al. 2006 ).
11. In mammalian cells, Golgi cisternae are sometimes linked by heterotypic tubular membrane connections within a single stack. These tubular connections are visible by electron tomography in actively secreting cells (Marsh et al. 2004; Trucco et al. 2004; San Pietro et al. 2009 13. In mammalian cells, secretory cargoes exit the Golgi region with exponential kinetics. When fluorescent secretory cargo molecules were tracked over time, exit from the Golgi region followed first-order kinetics, suggesting that the fluorescent molecules were present in a long-lived and well-mixed compartment (Patterson et al. 2008 ).
In the following sections, we evaluate five current models for their ability to explain these observations.
MODEL 1: ANTEROGRADE VESICULAR TRANSPORT BETWEEN STABLE COMPARTMENTS
The vesicular transport model ( Fig. 1) was widely accepted from the early 1980s until the late 1990s. The Golgi is viewed as a set of stable compartments operating in tandem (Farquhar and Palade 1981; Rothman 1981; Dunphy and Rothman 1985; Farquhar 1985) . Each compartment would contain a unique set of resident Golgi proteins, including glycosylation enzymes that operate in assembly line fashion to process secretory cargoes (Kleene and Berger 1993; Rabouille et al. 1995; Nilsson et al. 2009) . A newly synthesized secretory cargo would be delivered to the cis-Golgi in COPII-coated vesicles, and would then move from one Golgi compartment to the next in COPI-coated vesicles (Rothman and Wieland 1996) . Resident Golgi proteins are assumed to be localized to specific compartments by exclusion from anterograde COPI vesicles. Updated versions of the stable compartments model propose that COPI vesicles move bidirectionally, with anterograde COPI vesicles carrying secretory cargoes forward whereas retrograde COPI vesicles recycle trafficking components (Orci et al. 2000b; Pelham and Rothman 2000) .
Strengths † This model can easily explain the existence of distinct Golgi compartments, the polarized distribution of Golgi glycosylation enzymes, and the existence of secretory cargo waves. Moreover, this model can accommodate much of the variability in Golgi structure, and it provides functions for COPI vesicles as bidirectional carriers. Because of these factors, the stable compartments concept remains appealing. † Some studies have identified secretory cargoes in COPI vesicles. Immunoelectron microscopy and biochemical analysis provided evidence that COPI vesicles contain several secretory cargoes, including VSV-G protein, proinsulin, and the polymeric immunoglobulin A receptor (Ostermann et al. 1993; Orci et al. 1997; Malsam et al. 2005) . † COPI vesicles seem to come in two types, which could represent anterograde versus retrograde vesicles. Studies of both mammalian and plant cells have revealed the existence of two classes of COPI vesicles that differ in morphological appearance and protein composition (Orci et al. 1997; Malsam et al. 2005; Moelleken et al. 2007; Staehelin and Kang 2008) . † Rapidly "percolating" vesicles could explain the fast intra-Golgi traffic of small secretory cargoes, as well as the exponential kinetics of secretory cargo exit from the Golgi region. It is possible that secretory cargoes move bidirectionally across the stack by rapid COPI vesicle-mediated transport (Orci et al. 2000b; Pelham and Rothman 2000) . If bidirectional transport between cisternae is fast relative to exit from the Golgi, the exit kinetics should be exponential.
Weaknesses † The abundance of COPI vesicles varies dramatically between organisms and even within a given cell type. COPI vesicles around the mammalian Golgi actually seem to be less abundant during active traffic Rambourg et al. 1993 ). † A number of studies have not detected small secretory cargoes in COPI vesicles. Various investigators have analyzed the composition of COPI vesicles using immunoelectron microscopy or proteomics, and have concluded that secretory cargoes such as VSV-G protein and albumin are depleted rather than enriched in these vesicles (Dahan et al. 1994; Martinez-Menarguez et al. 2001; Gilchrist et al. 2006) . † The evidence for anterograde COPI vesicle traffic is inconclusive, and the two types of COPI vesicles could both be retrograde carriers. Morphological analysis of plant and algal cells suggested that one type of COPI vesicle functions in Golgi-to-ER retrograde transport, whereas the second type is an intra-Golgi carrier that may recycle resident Golgi proteins (Staehelin and Kang 2008 ) (see Fig. 6B ). A parsimonious interpretation of the data is that COPI vesicles act exclusively as retrograde carriers (Pelham 1994) . † Vesicular transport would need to be unrealistically rapid and extensive to explain the fast intra-Golgi traffic of small secretory cargoes. Although bidirectional vesicular transport could theoretically explain how small secretory cargoes can sample the whole Golgi in a short time, calculations indicate that each cisterna would need to produce hundreds of vesicles per second (A Luini et al. in prep.) . † This model cannot easily explain the traffic of large secretory cargoes, the fused Golgi network in microsporidia, the apparent formation and peeling off of Golgi cisternae, the mobility of resident Golgi enzymes between compartments, the transient nature of yeast Golgi cisternae, or the existence of heterotypic tubular connections between cisternae. In particular, the finding that large secretory cargoes can transit through the Golgi has long served as an argument against the generality of the stable compartments model (Becker et al. 1995; Bonfanti et al. 1998 ).
MODEL 2: CISTERNAL PROGRESSION/ MATURATION
The cisternal progression/maturation model ( Fig. 2 ) builds on the cisternal progression concept that was put forth by morphologists several decades ago (Grasse 1957; Morre and Ovtracht 1977) . Cisternae are viewed as transient carriers.
Homotypic fusion of COPII vesicles or other ER-derived carriers (Bannykh and Balch 1997; Mironov et al. 2003 ) is proposed to nucleate the formation of a new cis-cisterna, which gradually matures into a TGN cisterna, which in turn disintegrates into secretory vesicles and other types of carriers. As the cisternae carry the secretory cargoes forward (Bonfanti et al. 1998) , COPI vesicles would recycle resident Golgi proteins from older to younger cisternae (Glick and Malhotra 1998; Rabouille and Klumperman 2005) . Differential recycling efficiencies for different Golgi proteins could explain the biochemical polarity of the Golgi (Glick et al. 1997; Weiss and Nilsson 2000) . It was recently postulated that the various Golgi compartments represent discrete kinetic stages of maturation, with the transition from one stage to the next being regulated by Rab GTPases .
Strengths † This model can readily explain the existence of distinct Golgi compartments, the polarized distribution of Golgi glycosylation enzymes, the existence of secretory cargo waves, the transport of large secretory cargoes, the apparent formation and peeling off of Golgi cisternae, the mobility of resident Golgi enzymes between compartments, and the transient nature of yeast Golgi cisternae. Moreover, this model can accommodate much of the variability in Golgi structure, and it provides a function for COPI vesicles as retrograde carriers. The idea that COPI vesicles recycle resident Golgi proteins resolves many of the issues that led to the downfall of the original cisternal progression model (Glick and Malhotra 1998) . † Certain resident Golgi proteins have been convincingly identified as components of COPI vesicles, and some studies have identified Golgi glycosylation enzymes in COPI vesicles. There is general agreement that mammalian COPI vesicles contain the KDEL receptor (Orci et al. 1997; Aoe et al. 1998) , Golgi-localized SNARE proteins (Kweon et al. 2004; Volchuk et al. 2004) , and the tethering protein giantin (Sonnichsen et al. 1998) . In some studies, resident Golgi glycosylation enzymes were also found to be concentrated in COPI vesicles (Martinez-Menarguez et al. 2001; Malsam et al. 2005; Gilchrist et al. 2006) .
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Cite this article as Cold Spring Harb Perspect Biol 2011;3:a005215 † Several groups have reported that Golgi glycosylation enzymes are actually depleted in COPI vesicles. Some immunoelectron microscopy studies have not detected significant levels of Golgi glycosylation enzymes in COPI vesicles, contradicting a key prediction of the cisternal progression/maturation model (Orci et al. 2000a; Cosson et al. 2002; Kweon et al. 2004 ). † This model cannot easily explain the fused Golgi network in microsporidia, the existence of heterotypic tubular connections between cisternae, the rapid intra-Golgi traffic of small secretory cargoes, or the exponential kinetics of secretory cargo exit from the Golgi region. In a simple progression/ maturation model, all secretory cargoes should progress through the Golgi at the same rate and should exit the Golgi with linear kinetics. Recent studies have presented evidence against both of these predictions (Patterson et al. 2008; A Luini et al., in prep.) . To explain the exponential kinetics of secretory cargo exit, the cisternal progression/maturation model would need to be modified to include a long-lived TGN or post-TGN compartment (Patterson et al. 2008; Glick and Nakano 2009 Figure 2 . Cisternal progression/maturation. Secretory cargoes exit the ER in dissociative carriers, which coalesce with one another and with COPI vesicles derived from the cis-Golgi to form the intermediate compartment, which coalesces in turn to form a new cis-cisterna. In subsequent rounds of COPI-mediated recycling, the new cisterna matures by receiving medial and then trans-Golgi proteins from older cisternae while exporting cis and then medial-Golgi proteins to younger cisternae. Meanwhile, the cisterna progresses through the stack, carrying forward both small and large secretory cargoes. In the final stage of maturation, the cisterna is a TGN element that breaks down into anterograde and retrograde transport carriers.
MODEL 3: CISTERNAL PROGRESSION/ MATURATION WITH HETEROTYPIC TUBULAR TRANSPORT
The cisternal progression/maturation model can be extended to incorporate tubular connections between cisternae (Fig. 3) . It is known that mammalian Golgi stacks are linked "horizontally" by homotypic tubular connections to form the Golgi ribbon (Rambourg and Clermont 1990) , and for many years, the idea has been discussed that Golgi cisternae within a stack might also be linked "vertically" by heterotypic tubular connections (Mellman and Simons 1992; Weidman 1995; Mironov et al. 1997 Figure 3 . Cisternal progression/maturation with heterotypic tubular transport. This model is identical to the cisternal progression/maturation model, except that cisternae within a given stack are connected by tubular continuities through which small secretory cargoes and resident Golgi proteins can diffuse. Tubular continuities may also exist between heterotypic cisternae in adjacent stacks (not shown). Weaknesses † This model cannot easily explain the exponential kinetics of exit of the large secretory cargo procollagen from the Golgi region. Procollagen is too large to diffuse through heterotypic tubular connections. Instead, procollagen seems to traverse Golgi stacks by cisternal progression, which should produce linear kinetics of exit from the Golgi region (Bonfanti et al. 1998; Patterson et al. 2008) . † Heterotypic tubular connections between Golgi cisternae have not been convincingly described in fungal and plant cells, and the prevalence of these connections in mammalian cells is still debated. Different groups disagree about whether heterotypic tubular connections are common or rare in mammalian Golgi stacks (Martinez-Menarguez et al. 2001; Marsh et al. 2004; Trucco et al. 2004; Vivero-Salmeron et al. 2008; Mavillard et al. 2010) . Moreover, such connections have not yet been detected by tomographic analysis of fungal and plant cells (Mogelsvang et al. 2003; Staehelin and Kang 2008) . These caveats raise the possibility that heterotypic tubular connections are a specialization of certain cell types or a response to overloading the secretory pathway. † Questions remain about how Golgi compartmentation can be maintained in the presence of heterotypic membrane continuities. If Golgi cisternae are connected vertically, unknown mechanisms must exist to preserve gradients across the stack of resident Golgi protein distribution, lipid composition, and pH.
Models for Golgi Traffic

MODEL 4: RAPID PARTITIONING IN A MIXED GOLGI
A recent paper proposed a dramatic revision of traditional perspectives on the Golgi (Patterson et al. 2008; Lippincott-Schwartz and Phair 2010) . According to the rapid partitioning model (Fig. 4) , the Golgi operates as a single compartment that contains processing domains and export domains. Secretory cargoes would arrive from the ER, partition between the two domains of the Golgi, and then stochastically exit from every level of the Golgi to their final destinations. This model was inspired by the finding that multiple secretory cargoes exited the Golgi region with exponential kinetics. The concept of distinct domains within the Golgi is based on fluorescence microscopy data suggesting that VSV-G protein, a transmembrane secretory cargo, was partially segregated from Golgi glycosylation enzymes (Patterson et al. 2008) .
Strengths † This model can readily explain the transport of large secretory cargoes, the mobility of resident Golgi enzymes, the existence of heterotypic tubular connections between cisternae, the rapid intra-Golgi traffic of small secretory cargoes, and the exponential kinetics of exit of both small and large secretory cargoes from the Golgi region. Notably, a number of variations on the cisternal progression/ maturation model were unable to explain the observed exponential kinetics of secretory cargo exit (Patterson et al. 2008) . † The Golgi of microsporidia seems to be a single mixed compartment. This organism lacks obvious COPI vesicles, and evidently has a single Golgi compartment between the ER and plasma membrane (Beznoussenko et al. 2007) .
Weaknesses † This model cannot easily explain the existence of discrete cisternae and distinct Golgi compartments in most eukaryotes, the polarized distribution of Golgi glycosylation enzymes, the existence of secretory cargo waves for procollagen, the apparent formation and peeling off of Golgi cisternae, or the transient nature of yeast Golgi cisternae. Moreover, this model provides no role for COPI vesicles. The assumption that secretory cargoes immediately sample the entire Golgi is troublesome, because Golgi enzyme distributions show a conserved cis-to-trans polarity that reflects the order of oligosaccharide processing reactions (Emr et al. 2009 ). Another serious concern is that although secretory cargo waves of VSV-G protein could be explained with a simulation involving diffusion and selective partitioning (Patterson et al. 2008) , this explanation does not apply to the secretory cargo waves seen for the slowly diffusing procollagen (Bonfanti et al. 1998; Mironov et al. 2001; Trucco et al. 2004 ). Figure 4 . Rapid partitioning in a mixed Golgi. As soon as secretory cargoes enter the Golgi, they equilibrate across the stack via intercisternal continuities. Secretory cargoes partition dynamically between processing domains, which contain resident Golgi proteins, and export domains. These various domains are established by segregation of different lipid species. Secretory cargoes can exit the Golgi at every level of the stack. † This model goes well beyond the experimental data. A general issue with the rapid partitioning model is that it invokes micron-scale "lipid raft" domains, yet lipid domains of this size have not been observed in cells (Eggeling et al. 2009 ).
MODEL 5: STABLE COMPARTMENTS AS CISTERNAL PROGENITORS
The newest attempt to explain how the Golgi works is the cisternal progenitor model (Fig. 5 ), although this model resembles earlier proposals (Griffiths 2000; Mironov et al. 2005 ). The Golgi is viewed as a set of stable compartments that are segregated into domains defined by Rab
GTPases (Pfeffer 2010 ). This idea builds on studies indicating that in endosomes, Rab proteins can establish distinct domains within a membrane (Sonnichsen et al. 2000) and can drive the biochemical transformation of a compartment by a process known as "Rab conversion" (Rink et al. 2005; Nordmann et al. 2010; Poteryaev et al. 2010) . Rab proteins can also promote the homotypic fusion of endosomes (Rink et al. 2005) . By analogy, a domain in a Golgi cisterna is postulated to undergo Rab conversion followed by "homotypic" anterograde fusion with a matching Rab domain in a later cisterna from an adjacent Golgi stack. Thus, secretory cargoes could move forward through the Golgi by transferring back and forth between adjacent stacks. Alternatively, a Rab domain could pinch off from a cisterna to create a "megavesicle," which would then fuse with a later cisterna from the same Golgi stack. The transfers of Rab domains are presumed to operate in conjunction with COPI-mediated vesicular transport (Pfeffer 2010) .
Strengths † This model can potentially explain the existence of distinct Golgi compartments, the polarized distribution of Golgi glycosylation enzymes, the existence of secretory cargo waves, the transport of large secretory cargoes, the mobility of resident Golgi enzymes, the existence of heterotypic tubular connections between cisternae, the rapid intra-Golgi traffic of small secretory cargoes, and the fused Golgi network in microsporidia. Because the cisternal progenitor model encompasses a range of possible mechanisms, including heterotypic connections as well as traffic by conventional vesicles or megavesicles, this model can be viewed as consistent with multiple observations. † Studies of mammalian endosomes and yeast secretion supply precedents for the proposed mechanisms. Rab5 can promote homotypic fusion of early endosomes, and early endosomes marked by Rab5 undergo conversion into late endosomes marked by Rab7 (Rink et al. 2005; Nordmann et al. 2010; Poteryaev et al. 2010) . In yeast, a Rab conversion mechanism appears to operate during TGN-tocell surface transport (Rivera-Molina and Novick 2009). † This model predicts the possible existence of megavesicle transport intermediates, and putative megavesicles were described in one study. Such megavesicles could transport large cargoes within a single Golgi stack (Volchuk et al. 2000) . (Melkonian et al. 1991; Bonfanti et al. 1998; Trucco et al. 2004) . A thin-section micrograph interpreted as showing a discontinuity in a mammalian Golgi cisterna (Pfeffer 2010) probably represented a perforation ("well") spanning multiple cisternae (Ladinsky et al. 1999; Staehelin and Kang 2008) . † The lack of specificity of the cisternal progenitor model poses a challenge for making testable predictions. For example, it is unclear how to predict the kinetics of secretory cargo exit from the Golgi region. The existence of Rab conversion in the Golgi has been proposed as a test of the cisternal progenitor model (Pfeffer 2010) , but Rab conversion is an equally plausible mechanism for cisternal maturation . Indeed, Rab conversion apparently underlies the maturation of early endosomes into late endosomes (Rink et al. 2005; Nordmann et al. 2010; Poteryaev et al. 2010) , suggesting that an analogous process could occur in the Golgi.
CONCLUSIONS
The models described here differ in fundamental ways, but they all offer insights into Golgi traffic. Emerging technologies will help us to distinguish between the various proposals (Rothman 2010) . Meanwhile, we can offer some tentative conclusions. A crucial point is that ideas about the Golgi are necessarily constrained by microscopy. Our models must fit with what we see in different cell types. By this criterion, cisternal progression/ maturation is still the best candidate for a broadly conserved mechanism that operates in most eukaryotes. This model provides the most compelling explanation for key findings from mammalian, fungal, plant, and protist cells. An illustration is given in Figure 6 , which reproduces previously published images of Golgi stacks in the alga Scherffelia dubia. Scaleforming algae can serve as a "reality check" for models of Golgi traffic (Becker et al. 1995) . Figure 6A shows a thin-section electron micrograph of S. dubia (Perasso et al. 2000) . Two Golgi stacks are visible, but they are separated by the nucleus, strongly suggesting that each stack operates as an independent trafficking device. Figure 6B shows a tomographic slice from a 3D reconstruction of a rapidly frozen S. dubia cell. The excellent preservation reveals that Golgi cisternae are separate compartments that are relatively smooth and uninterrupted. This Golgi stack is surrounded by vesicles, presumably of the COPI variety, but peri-Golgi vesicles in algae do not contain scales (Melkonian et al. 1991) . Images of this type have long been viewed as support for cisternal progression/maturation (Becker et al. 1995) , and the evidence remains persuasive.
At the same time, a basic cisternal progression/maturation model is unable to explain all of the data. There is growing evidence that heterotypic tubular connections are important for Golgi traffic in mammalian cells. Such connections may play equally important roles in other cell types, and in microsporidia, they may have evolved as the dominant mode of Golgi traffic. We therefore propose Model 3 (Cisternal Progression/Maturation with Heterotypic Tubular Figure 6 . Two views of Golgi stacks in the alga Scherffelia dubia. (A) Thin-section electron micrograph of the apical region of a S. dubia cell. The two Golgi stacks (G) are separated by the nucleus (n). Small arrowheads indicate the transitional ER, which is the site of ER exit. Electron-dense scales can be seen in Golgi cisternae but not in peri-Golgi vesicles. Scale bar, 1.0 mm. (Panel A adapted from Perasso et al. [2000] and reprinted with permission from Springer #2000.) (B) An electron tomographic slice of a single S. dubia Golgi stack next to a transitional ER site (tER). Superimposed on this slice is a 3D model of the Golgi-associated vesicles, which were interpreted as falling into five classes: two morphologically distinct classes of COPI vesicles ( purple and green), COPII vesicles (gold), secretory vesicles (blue), and clathrin-coated vesicles ( pink). Scale bar, 100 nm. (Panel B reproduced, with permission, from Staehelin and Kang [2008] .)
